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SEMICONDUCTOR ELEMENT AND METHOD FOR PRODUCING THE SAME 

The present application is based on Japanese Patent 
Applications No, 2002-183730, 2002-326194, 2002-326195 and 
5 2003-013398, which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
1> Field of the Invention 

The present invention relates to a method for producing 

10 a semiconductor element formed on a substrate. Particularly, 
the invention relates to a method for obtaining semiconductor 
elements with a good yield by individually dividing the 
semiconductor elements formed on a substrate in an easy way 
2, Description of the Related Art 

15 In production of a Group III nitride compound 

semiconductor element such as an LED, sapphire, spinel or the 
like is used as a substrate material . Substrates made of these 
materials differ from substrates using silicon and gallium 
arsenide in that they are not easy to process. Accordingly, 

20 whena wafer obtained by lamination of Group III nitride compound 
semiconductors on a substrate made of one of these materials 
is divided into individual elements, the division is attended 
with difficulty compared with semiconductor elements made of 
other materials. 

25 For example, semiconductor elements were produced as 
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follows. Part of Group JII nitride compound semiconductor 
layers on each parting line are removed by etching or separation 
grooves are formed in a front surface of a substrate by a 

diamond-bladed dicer so as to reach a depth of aboiit 10 |Lun from 
5 the front surface of the substrate (so-called half cut) . Then, 
. after shallow rear grooves are formed in a rear surface of the 
substrate by a seriber, the wafer is divided into elements by 
means of roller-breaking. On this occasion, after the 
formation of elements, the rear surface of the wafer 300 
10 thick may be of ten polished to reduce the thickness of the wafer 
to about 100 |im before the rear grooves are formed. As a result, 
during the division, the percentage of defective elements 
including elements broken so as to spoil the functions of the 
elements (element breaking) and elements having partially 
15 chipped circumferential edges so as not to be regarded as normal 
' articles (chipping) often reaches about 5 %. When the 

separation grooves 10 ^tm deep are formed in the substrate by 
a dicer, the width of each separation groove needs to be in 

a range of from 20 |im to 30 ^m/ Although failure caused by 
20 the way of breaking the substrate decreases as the depth of 
each separation groove from the front surface of the substrate 
increases, the width of each separation groove must be increased 
to obtain an increased depth. As the width of each separation 
groove increases, the number of semiconductor elements which 
25 can be extracted from one wafer decreases. Furthermore, the 
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time and setting condition required for polishing the rear 
surface of the substrate must be changed, for example, according 
to the thickness of the wafer • This is very troublesome work 
requiring trial and error . On the other hand, there are various 
5 kinds of proposals to use a laser beam for forming such separation 
grooves. The proposals, however, have been not put into 
practical use yet in production of Group III nitride compound 
semiconductor elements. 

When separation grooves are formed by. laser beam , 

10 irradiation, substrate and semiconductor materials are melted 
and vaporized so that element surfaces are contaminated with 
reaction products. To prevent the element surfaces from being 
contaminated with reaction products, a method of covering the 
element surfaces with a protective film before the formation 

15 of the separation grooves is feasible. Alternatively, another 
method of forming separation grooves not in a front surface 
as an element-forming surface but in a rear surface is 
conceivable . In the formed separation grooves per se, however, 
a part of the substrate melt and re-solidified remains on outer 

20 circumferences, that is, side surfaces of the elements\ When 
light-emitting elements are formed on a transparent sapphire 
substrate, opaque deposits are formed on the outer 
circumferences (side surfaces) and rear surf aces of the elements . 
As a result, light-extracting efficiency of each of the 

25 light-emitting elements is reduced. 
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In addition, the molten semiconductor may form an 
undesirable short circuit to spoil element characteristic 
remarkably or a dividing method for producing a very small number 
of acceptable products may be provided according to 
5 circumstances. 

The above examples will be explained based on the drawings 
in more detail. 

First; referring to Figs, 2 6A and 2 6B and Figs. 21 A to 
27C, the general irradiation operation of a laser beam applied 
10 on a semiconductor wafer will be described. Figs. 26A and 26B 
relate to a light-emitting diode (LED) . When a laser beam is 
applied on a semiconductor wafer in order to divide the wafer 
into a large number of semiconductor chips, a substrate and 
semiconductor layers are melted by heat of the laser beam so 
15 that a molten layer is formed in a partition portion of the 
outer circumference of each semiconductor chip, for example, 
as shown in Figs. 2 6A and 2 6B. Because the molten layer is 
not translucent so that light emitted from a light-emitting 
layer is absorbed to the molten layer, the molten layer is a 
20 a main cause of reduction in external quantum efficiency of 
the LED, 

Furthermore, when each separation groove S is formed in 
the semiconductor wafer by laser beam irradiation in the 
procedure .shown in Figs. 27A to 27C, the semiconductor layers 
25 (p/n) and the substrate (Sap,) are melted, vaporized and 
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scattered so as to be deposited on the upper surface of the 
exposed semiconductor layer. As a result, the upper surface 
of the semiconductor layer is contaminated. Such a contaminant 
(deposit) is also a main cause of reduction in external quantum 
5 efficiency of the semiconductor light-emitting element. 

Because it was not easy to eliminate these causes (molten 
layer and deposit) of deterioration against improvement in 
external quantum efficiency of the semiconductor 
light-emitting element, a wafer dividing method using a dicing 

10 cutter or a scribing"^ cutter was used heretofore usually 

Fig. 28 is a plan view of a semiconductor chip 21 which 
can be produced by the dividing method according to the related 
art. The semiconductor chip 21 is characterized in that an 
n-electrode (negative electrode) 5 having an outer 

15 circumferential negative electrode 5a is provided on an exposed 
upper surface of an n-layer 2 (n-type layer) . The reference 
numeral 4 designates ap-layer (p-type layer) ; and 8, a positive 
electrode (or electrode pad) . A translucent thin-film metal 
layer may be formed widely and evenly on the upper surface of 

20 the p-layer 4. 

Fig. 29 is a plan view showing part of a related-art 
semiconductor wafer 20 having a large number of semiconductor 
chips 21 before division. From the point of view of production 
efficiency, a larger number of chips may be often arranged on 

25 one wafer practically. The reference sign L designates the 
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distance between light-emitting layers of adjacent ones of the 
semiconductor chips 21 on the semiconductor wafer 20. 

Figs. 30A and 30B are sectional views showing part of 
the semiconductor wafer 20. The n-layer 2, the light-emitting 
5 layer 3 and the p*-layer 4 are laminated successively on the 
crystal growth substrate 1 by crystal growth. It is a matter 
of course that each layer may be provided as a multilayer 
structure. 

The reference sign Li designates the distance from a side 
10 wall of the light*^emitting layer 3 to a light-reflecting surface 
of the outer circumferential negative electrode 5a. The 
distance Li needs to be at least long enough to surely 
electrically insulate the outer circumferential negative 
electrode 5a from other semiconductor layers such as the 
15 light-emitting layer 3 provided. on the side. The distance Li 
also depends on accuracy in patterning of a metal layer for 
forming the outer circumferential negative electrode 5a. 

The reference sign L2 designates the width of the outer 
circumferential negative electrode 5a. The width L2 is 

20 generally selected to be not smaller than about 10 ^im in order 
to satisfy necessary conditions such as adhesive strength to 
the n-layer 2, current density distribution, machining accuracy, 
and miniaturization. 

The distance A between outer circumferential negative 

25 electrodes 5a of left and right chips on the semiconductor wafer 
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20 is given by the following expression (1) . 
[Nuutierical Expression 1] 

A = L - 2 (Li + L2) •••(!) 
Incidentally, Fig. 13B shows a state in which a separation 
5 groove S is formed between the outer circumf erentiaL negative 
electrodes 5a of the left and right chips by dicing. 

Generally, before dicing, the metal layer is removed from 
the region indicated by the distance A, A scribing cutter or 
a dicing cutter is generally expensive because it is often made 
10 . of a large number of diamond grains (pieces) gathered together. 
If the dicing process is executed without removal of the metal 
layer, the expensive cutter is clogged soon so that the cutter 
cannot be used any more . Therefore, in order to keep production 
efficiency and production cost, the metal layer in the region 
15 indicated by the distance A must not be formed initially or 
must be removed after formed. 

It is therefore necessary to take the distance A 
sufficiently larger than the width of the separation groove 
S formed by the cutter. This is because there is a limit to 
20 shape accuracy of the cutter, positioning accuracy of the cutter, 
processing accuracy in removal of the metal layer, etc. This 
is inevitable to surely prevent the clogging of the cutter. 
Generally, the width of the separation groove S formed 

by the cutter needs to be at least 30 |im. The clearance 
25 (distance) to be provided between the separation groove and 



the outer circumferential negative electrode 5a needs to be 
at least 5-10 ^m. Accordingly, the distance A needs to be at 
least 40-50 |im. 

Increase in the distance A, however, causes increase in 
5 the distance L between the light-emitting layers 3 of left and 
right chips adjacent to each other. As is also. obvious from 
Fig. 29, increase in the distance L results. in surely reducing 
the number of semiconductor chips 21 which can be extracted 

r 

from the semiconductor wafer 20. ^ 

10 . Furthermore, when the separation groove S is made deep, 
the width of the separation groove S is apt to increase inevitably. 
Conversely, when the separation groove S is made shallow, a 
crack Id is apt to occur in the crystal growth substrate 1 in 
the step of dividing the wafer into chips as shown in Fig. 30B. 

15 Fig. 31 is a sectional view of another semiconductor wafer 

for explaining another example of the related art. The width 
of the separation groove allowed to be formed by laser beam 
irradiation is about 10 pim. Although this width is surely 
smaller than the width (30 |im or larger ) of the separation groove 

20 S formed by the cutter, the problem of deposit (contaminant) 
occurs secondarily when the laser beam irradiation step is 
introduced. 

Even if the problem of deposit could be avoided, it is 
difficult to reduce the distance A greatly by the simple 
25. substitution of a laser for the cutter as a tool for forming 
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the separation groove. That is, if the cutter as a tool for 
forming the separation groove is replaced by a laser simply, 
the value which can be expected as the effect of reducing the 
distance A is about 20 |un {= 30 |jin - 10 pm) at most. 

5 

SUMMARY OF THE INVENTION 
An object of the invention is to provide individual 
. semiconductor elements obtained by dividing a substrate easily 
with a good yield and low cost and another ob j ect of the invention 

10 is to remove melt of a substrate from outer circumferences of 
elements after division as much as possible. 

According to a first aspect of the invention, there is 
provided a method of producing a plurality of Group III nitride 
compound semiconductor elements by individually dividing the 

15 Group III nitride compound semiconductor elements formed on 
a substrate, the method comprising steps of: removing 
semiconductor layers on parting lines so that (i) only an 
electrode-forming layer on a side near the substrate remains 
or (ii) no Group III nitride compound semiconductor layers 

20 remains on the parting lines; forming a protective film so that 
the Group III nitride compound semiconductor layers are covered 
with the protective film and the protective film can be removed 
by an after-process; scanning the substrate with a laser beam 
along the parting lines to form separation grooves in a front 

25 surface of the substrate; and removing the protective film and 
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unnecessary products produced by the laser beam scanning^ 
wherein the separation grooves formed along the parting lines 
by the laser beam scanning are used for dividing the substrate 
into individual Group III nitride compound semiconductor 
elements • 

In the method of the first aspect of the invention, the 
semiconductor layer removal step may be carried out in an 
electrode-forming etching process for exposing an 
electrode-forming portion of an electrode-forming layer on a 
side near the substrate by etching. Further, in the 
semiconductor layer removal step, electrode-forming layer side 
part of the substrate on the parting lines may be also removed 
by dicing. 

In the method of the first aspect of the invention, rear 
grooves corresponding to the separation grooves may be formed 
in a rear surface of the substrate after the protective film 
and unnecessary product removal step. Further, a rear surface 
of the substrate may be polished to reduce the thickness of 
the substrate after the protective film and unnecessary product 
removal step so that the substrate can be divided into individual 
Group III nitride compound semiconductor elements by use of 
only the separation grooves formed in the front surface of the 
substrate. Still further, a rear surface of the substrate may 
be polished to reduce the thickness of the substrate after the 
protective film and unnecessary product removal step and rear 
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grooves corresponding to the parting lines may be then formed 
in a rear surface of the substrate. 

Because Group III nitride compound semiconductor layers 
on the parting lines are removed so that only an 
5 electrode-forming layer on a side near the substrate remains 
or no Group III nitride compound semiconductor layer remains 
on the parting lines, layers which must be brought into contact 
with different electrodes respectively can be prevented from 
being short-circuited by melt or reaction products produced 

10 from the Group III nitride compound semiconductor layers by 
laser scanning. Furthermore, because a protective film is 
formed, melt or reaction products produced from the substrate 
and the Group III nitride compound semiconductor layers by laser 
scanning can be prevented from being deposited on semiconductor 

15 elements. Particularly layers which must be brought into 
contact vs^ith electrodes different in polarity respectively can 
be prevented from being short-circuited. In this manner, deep 
separation grooves with a constant small width can be formed 
without failure in electric characteristic of each Group III 

20 nitride compound semiconductor element. That is, the depth 
of each separation groove can be adjusted on the basis of the 
scanning speed and the number of scanning times, so that the 
separation grooves can be easily formed as deep separation 
grooves with a constant width or as separation grooves with 

25 a depth according to the thickness of the wafer and the warp 
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of the wafer. Further, during the formation of the deep 
separation grooves, the Group III nitride compound 
semiconductor layers and the substrate are not peeled. The 
blade and pure water which are expendables required for forming 
5 separation grooves with a certain depth can be reduced, so that 
the cost of production can be reduced. At present, a laser 

with a beam diameter of 20 urn or less is available. Accordingly, 
the width of each separation groove formed by laser scanning 
can be made smaller than the width of each separation groove 
10 formed by dicing on the assumption that the depth of the 
separation groove formed is constant. For example, in 
light-emitting elements, the interval between adjacent 

light-emitting surfaces can be made not larger than 60 fim. 
When an electrode-forming etching process for exposing 

15 an electrode-forming portion of an electrode-forming layer on 
a side near the substrate by etching is used for removing other 
electrode layers on the parting lines before the formation of 
the separation grooves, the working steps can be shortened 
because the semiconductor layer removal step for preventing 

20 different layers from being short-circuited by laser scanning 
need not be provided separately. When dicing is further used 
so that at least electrode-forming layer side part of the 
substrate is removed, the surface layers of the substrate can 
be cut down to a desired depth according to the setting of the 

25 condition. 
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When rear grooves are formed in the rear surface of the 
substrate so as to correspond to the separation grooves, parting 
surfaces can be formed surely along the parting lines. When 
the rear surface of the substrate is polished to reduce the 
5 thickness of the substrate, the substrate can be easily divided 
into individual Group III nitride compound semiconductor 
elements by use of only the separation grooves formed in the 
front surface of the substrate . When these methods are combined 
so that rear grooves are formed in the rear surface of the 
. 10 .substrate so as to correspond to the formed separation grooves 
after the rear surface of the substrate is polished to reduce 
the thickness of the substrate, the separation grooves formed 
in the front surface of the substrate by laser scanning can 
be made shallow and the speed of laser scanning can be made 

15 high as well as the substrate can be more surely divided into 
individual Group III nitride compound semiconductor elements. 

According to a second aspect of the invention, there is 
provided a method of producing a plurality of Group III nitride 
compound semiconductor light-emitting elements by individually 

20 dividing Group III nitride compound semiconductor elements 
formed on a substrate, the method comprising the step of 
performing a polishing or blasting process with respect to 
separation grooves after forming separation grooves by laser 
beam irradiation. Hereupon, ^'blastingprocess" means aprocess 

25 of blowing fine particles on the subject to be processed with 
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high pressure to polish the surface of the subject. 

In the method of the second aspect of the invention, the 
separation grooves may be formed in a rear surface of the 
substrate opposite to a front surface of the substrate on which 
5 Group III nitride compound semiconductor layers and electrodes 
are formed, and the polishing or blasting process may be applied 
to the rear surface. Further, when the blasting process is 
used, particles used in the blasting process may be selected 
so that a medium value of diameters of the particles is equal 

10 to about a half width of each separation groove . Still further, 
the substrate may be a sapphire substrate,. Furthermore, when 
the blasting process is used, particles used in the blasting 
process may be mainly of alumina or silicon carbide. 

The inventors have confirmed that re-solidified melt of 

15 a substrate can be removed greatly without spoiling the 

characteristic of Group III nitride compound semiconductor, 
light-emitting elements after division when the condition for 
a polishing or blasting process is selected appropriately as 
follows. That is, when a polishing or blasting process is 

20 carried out after separation grooves are formed by laser beam 
irradiation, it is possible to obtain Group III nitride compound 
semiconductor light-emitting elements from which opaque melt 
of the substrate has been already removed after division. 
Furthermore, because expensive expendables (cutting tools) 

25 required in use of a dicer or a scriber can be dispersed with. 
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the cost of production can be reduced. 

When both the formation of separation grooves by laser 
beam irradiation and the polishing or blasting process are 
applied not to the front surface side on which elements are 
5 formed but to the rear surface side, the influence on the Group 
III nitride compound semiconductor layer for forming the 
elements can be suppressed. Accorcling to this method, very 
deep grooves can be formed in the rear surface, so that the 
wafer can be divided on the basis of separation grooves 

10 substantially formed only by laser beam irradiation without 
use of a dicer and a scriber. Furthermore, the rear surface 
of the substrate is cut by the polishing or blasting process, 
so that bumps with a size substantially equal to the size of 
blast particles are formed on the rear surface of the substrate . 

15 Light emitted from each element can be irregularly reflected 
by the biamps in the bottom of the chip, so that light-extracting 
efficiency of the element can be improved. 

Each of the separation grooves formed by laser beam 
irradiation is provided with solidified melt having a size 

20 substantially equal to the size of the separation groove. It 
is therefore necessary to select the size of particles used 
in the blasting process in order to blow out the melt of this 
size. Accordingly, particles used in the blasting process are 
preferably selected so that a medium value of diameters of the 

25 particles is equal to about a half width of each separation 
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groove. When a sapphire substrate is used as the substrate, 
it is possible to obtain Group III nitride compound semiconductor 
light-emitting elements in which efficiency in extraction of 
light from the rear surface is improved when each element is 
5 applied to a flip chip type light-remitting element . Preferably, 
the particles may be of a compound which has not any other 
undesirable influence, that is, the particles may be mainly 
of alumina or silicon carbide* 

According to a third aspect o*f the invention, there is 

10 provided a method of producing a plurality of Group III nitride 
compound semiconductor elements by individually dividing the 
Group III nitride compound semiconductor elements formed on 
a substrate, the method comprising steps of: removing Group 
III nitride compound semiconductor layers on parting lines so 

15 that (i) only an electrode-forming layer on a side near to the 
substrate remains on the parting lines or (ii) there is no Group 
in nitride compound semiconductor layer on the parting lines; 
and scanning the substrate along the parting lines with a laser 
beam to thereby form broken line-shaped or dot line-shaped 

20 separation grooves, wherein the broken line-shaped or dot 
line-shaped separation grooves formed by laser beam scanning 
along the parting lines are used so that the substrate is divided 
into individual Group III nitride compound semiconductor 
elements . 

25 In the method of the second aspect of the invention, the 
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semiconductor layer removal step may be carried out by an 
electrode-forming etching process for exposing an 
electrode-forming portion of the electrode-forming layer by 
etching. Further^ in the semiconductor layer removal step, 
5 a part of the element- forming surface of the substrate on the 
parting lines may be also removed by dicing. 

The method of the second aspect of the invention may 
further comprises steps of: forming a protective film so that 
layers formed on a front surface side of the substrate are covered 
10 with the protective film before the laser beam scanning step 
and the protective film can be removed by an after-process; 
and removing the protective film. and unnecessary products 
produced due to laser beam scanning after the laser beam scanning 
step. 

15 In the method of the second aspect of the invention, 

before the separation grooves are used for dividing the substrate 
into elements, rear grooves corresponding to the parting lines 
may be formed in a rear surface of the substrate. Further, 
before the separation grooves are used for dividing the substrate 

20 into elements, a rear surface of the substrate may be polished 
to reduce a thickness of the substrate so that the substrate 
can be divided into individual Group III nitride compound 
semiconductor elements only by the separation grooves formed 
inthe front surface of the substrate. Still further, before 

25 the separation grooves are used for dividing the substrate into 
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elements, a rear surface of the substrate may be polished to 
reduce a thickness of the substrate and then rear grooves 
corresponding to the parting lines are formed in the rear surf ace 
of the substrate, 
5 Because each of the separation grooves formed by laser 

scanning is shaped like a broken line or a dot line, the percentage 
of the area occupied by a molten portion formed, by laser beaiti 
irradiation can be reduced. , A s a result, in the production 
of the light-emitting element, the rate of the area of melt 

10 deposited on side surfaces of each element to the total area 
of the side surfaces is reduced compared with the case where 
continuous separation grooves are formed by laser scanning. 
Accordingly, light-extracting efficiency can be improved. On 
this occasion, the thickness of part of the substrate between 

15 adjacent separation grooves on each parting line is left as 
it is. Accordingly, the rigidity of the wafer as a whole can 
be kept, so that the easy handling property of the wafer can 
be maintained. Accordingly, it is easy to deepen the separation 
grooves, so that easy processing property for dividing the wafer 

20 into individual elements can be made consistent with the easy 
handling property of the wafer. Further, because Group III 
nitride compound semiconductor layers on parting lines can be 
removed so that only an electrode-forming layer on a side near 
to the substrate remains on the parting lines or there is no 

25 Group III nitride compound semiconductor layer on the parting 
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lines, layers which must be brought into contact with different 
electrodes respectively can be prevented from being 
short-circuited by melt and reaction products of the Group III 
nitride coinpound semiconductor layers due to laser scanning. 
5 When an electrode-forming etching process for exposing 

an electrode-forming portion of an electrode-forming layer near 
the substrate by etching is carried out before the formation 
of the separation grooves so that other electrode layers on 
the parting lines are removed, the working steps can be shortened 

10 because it is particularly unnecessary to provide the 

semiconductor layer removal step for preventing the different 
layers from being short-circuited by the melt generated due 
to laser scanning. When at least a part of the element-forming 
surface of the substrate on the parting lines is also removed 

15 by dicing, the front surface layer of the substrate can be cut 
down to a desired depth according to the setting of the condition . 

When a protective film is formed, the melt and reaction 
products generated from the substrate and the Group III nitride 
compound semiconductor layers due to laser scanning can be 

20 prevented from being deposited on each semiconductor element. 
Particularly layers which must be brought into contact with 
electrodes different in polarity respectively can be prevented 
from being short-circuited. In this manner, deep separation 
grooves with a constant small width can be formed without any 

25 failure in the electric characteristic of each Group III nitride 
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compound semiconductor element* That is, the depth of each 
separation groove can be adjusted on the basis of the scanning 
speed and the number of scanning times, so that the separation 
grooves can be easily formed as deep separation grooves with 
5 a constant width or as separation grooves with a depth according 
to the thickness of the wafer and the warp of the wafer , Further, 
during the formation of the deep separation grooves, the Group 
III nitride compound semiconductor layers and the substrate 
are not peeled ♦ The blade and pure water which are expendables 

10 required for forming separation grooves with a certain depth . 
can be reduced, so that the cost of production can be reduced. 
At present, a laser with a beam diameter of 20 \m or less is 
available. Accordingly, the width of each separation groove 
formed by laser scanning can be made smaller than the width 

15 of each separation groove formed by dicing on the assumption 
that the depth of the separation groove is constant . For example, 
in light^emitting elements, the interval between adjacent 
light-emitting surfaces can be made not larger than 60 lam. 
When rear grooves are formed in the rear surface of the 

20 substrate so as to correspond to the parting lines, parting 
surfaces can be formed surely along the parting lines. When 
the rear surface of the substrate is polished so that the 
thickness of the substrate is reduced, the substrate can be 
easily divided into individual Group III nitride compound 

25 semiconductor elements by use of only the separation grooves 
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formed in the front surface of the substrate. When these methods 
are combined so that rear grooves are formed in the rear surface 
of the substrate to correspond to the parting lines after the 
rear surface of the substrate is polished to reduce the thickness 
5 of the substrate, the separation grooves formed in the front 
surface of the substrate by laser scanning can be made shallow 
and the speed of laser scanning can be made high as well as 
the substrate can be more surely divided into individual Group 
III nitride compound semiconductor elements • 

10 • According to a fourth aspect of the invention, there is 

provided a method of producing a plurality of semiconductor 
light-emitting elements by extracting the plurality of 
light-emitting elements from a semiconductor wafer formed by 
lamination of a plurality of nitride compound semiconductor 

15 layers on a crystal growth substrate, the method including the 
step of applying a laser beam on a metal layer formed on the 
semiconductor wafer and serving as a negative electrode of each 
of the semiconductor light-emitting elements to thereby form 
continuous line-shaped, dot line-shaped, broken line-shaped 

20 or cross-shaped separation grooves for separating the 
semiconductor wafer into the plurality of semiconductor 
light-emitting elements. 

According to this method, the number of semiconductor 
chips each of which has performance equal to or higher than 

25 the performance of a semiconductor chip obtained in the related 
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art and which can be extracted from one semiconductor wafer 
having a predetermined area can be made larger than that in 
the related art. 

Fig. 18 is apian viewof a semiconductor wafer 10 according 
5 to the invention. Figs . 19Aand 19B are sectional views showing 
I part of the semiconductor wafer 10. The reference numeral 50 
designates a metal layer formed on an exposed surface of an 
n-layer 2 (n-type layer) by vapor deposition. The reference 
sign L designates the distance between light-emitting layers 
10 of adjacent semiconductor chips on the semiconductor wafer 10 

as described preliminarily. 

When, for example, a laser beam is applied on the metal 
layer 50 in the condition that the metal layer 50 is formed 
directly and evenly on the region of the distance A in the 
15 aforementioned manner, the distance A can be approximately 

reduced to a value equal to the width (about 10 (im) of the 
separation groove S allowed to be formed by laser beam 
irradiation. Accordingly, as is also obvious from the 
aforementioned consideration and the expression (1), the 

20 . distance L in Fig. 29 can be reduced by at least a value of 
about 30 \m to about 40 im as shown in Figs. 18, 19A and 19B, 
on the basis of the separation groove S reducing effect according 
to this method. 

Furthermore, according to this method, bonding strength 

25 between the metal layer (n-electrode) 50 and the semiconductor . 
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layer (n-layer 2) can be enhanced because a molten layer or 
an annealing portion due to laser beam irradiation is formed 
at a junction portion between the metal layer 50 and the 
semiconductor layer. Accordingly, there can be obtained a 
5 secondary effect that the durability and life of each 
semiconductor light-emitting element can be improved. 

Furthermore, when an outer circmaf erential negative 
electrode 5a is formed from the metal layer 50 as shown in Figs. 
19A and 19B, there is no fear that the molten layer.may be formed 
10 around the light-emitting layer 3 because the molten layer is 
obstructed by the metal layer 50. Accordingly, there is no 
fear that light emitted from the light-emitting layer 3 may 
be absorbed to the molten layer on a. side of the light-emitting 
layer 3. 

15 The method according to the fourth aspect may further 

include the step of laminating the metal layer on an 
approximately entire outer circumference of each of the 
semiconductor light-emitting elements before division so that 
the metal layer is circled over the approximately entire outer 

20 circumference of each of the semiconductor light-emitting 
elements, and in the laser beam applying step, the separation 
grooves are formed so that each of the separation grooves is 
^ circled over the approximately entire outer circumference of 
each of the semiconductor light-emitting elements. 

25 In this mariner, the fear that light emitted from the 
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light-emitting layer 3 may be absorbed to the molten layer on, 
a side of the light-emitting layer 3 is eliminated throughout 
the circumference of each semiconductor chip. This method is 
particularly effective for the light-emitting element having 
5 an outer circumferential electrode. In this case, the effect 
of reducing the chip width and the secondary effect of enhancing 
bonding strength between the metal layer (n-electrode) and the 
semiconductor layer can be obtained throughout the 
circumference of each chip. 

10 The method according to the fourth aspect may further 

include the steps of: forming a protection film for covering 
a front surface of the semiconductor wafer before the laser 
beam, applying step; and removing the protective film after the 
laser beam applying step. 

15 According to this method, the contaminant can be prevented 

from being deposited on a front surface of the semiconductor 
wafer. Accordingly, transmission efficiency of light from the 
upper surface of each semiconductor chip can be kept equal to 
that of each semiconductor chip obtained by dividing the 

20 semiconductor wafer by a cutter. 

The method according to the fourth aspect may further 
include the step of polishing a rear surface of the crystal 
growth substrate to make the crystal growth substrate thin. 
When the step is provided, the wafer can be divided into 

25 chips unforcedly cleanly along the separation grooves between 
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the chips even in the case where the separation grooves are 
relatively sallow . In addition, the substrate can be prevented 
from cracking. 

Furthermore, when the substrate is made thin, 
5 transmission efficiency of output light with respect to the 
substrate is improved. Accordingly, external quantum 
efficiency is improved regardless of whether the light-emitting 
element to be formed is a flip chip type light-emitting element 
or a wire-bonding type light-emitting element having a 
10 reflecting layer on the substrate bottom. 

The method according to the fourth aspect may further 
include the step of forming parting lines in the crystal growth 
substrate from the rear surface of the crystal growth substrate 
so that the parting lines face the separation grooves 
15 respectively. 

When the step is provided, the wafer can be divided into 
chips unforcedly cleanly along the separation grooves between 
the chips even in the case where the separation grooves are 
relatively sallow. In addition, the substrate can be prevented 
20 from cracking. 

Further, there is provided a semiconductor 
light-emitting element extracted from a semiconductor wafer 
formed by lamination of a plurality of nitride compound 
semiconductor layers on a crystal growth substrate, wherein 
25 the semiconductor light-emitting element is produced by a method 
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according to the method of the fourth aspect and methods related 
thereto* i 

According to this means, bonding strength between the 
metal layer forming an electrode and the semiconductor layer 
5 can be enhanced because a molten layer or an annealing portion 
(e.g., heat-affected portion in Fig. 27C) for 
supplementing/reinforcing connection strength between the 
metal layer and the compound semiconductor layer is formed at 
a junction portion between the metal layer and the compound 

10 semiconductor layer. Accordingly, the durability of each 
semiconductor light-emitting element can be improved. 

An outer circumferential negative electrode having an 
enclosure shape for enclosing a light^emitting portion at least 
partially from the outside may be provided in a wire-bonding 

15 type semiconductor light-emitting element. 

In this manner, the fear that light emitted from the 
light-emitting layer 3 may be absorbed to the molten layer on 
a side of the light-emitting layer 3 is eliminated throughout 
the circumference of each semiconductor chip. This method is 

20 particularly effective for the light-emitting element having 
an outer circumferential electrode. In this case, the effect 
of reducing the chip width and the secondary effect of enhancing 
bonding strength between the metal layer (n-electrode) and the 
semiconductor layer can be obtained throughout the 

25 circumference of each chip. 
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An outer circumferential negative electrode having an 
enclosure shape for enclosing a light-emitting portion at least 
partially from the outside may be provided in a flip chip type 
semiconductor light-emitting element having a translucent 
5 substrate and formed by the above method. 

In this manner, the fear that light emitted from the 
light-emitting layer 3 may be absorbed to the molten layer on 
a side of the light-emitting layer 3 is eliminated throughout 
the circumference of each semiconductor chip. This method is 

10 particularly effective for the light^emitting element having 
an outer circumferential electrode. In this case, the effect 
of reducing the chip width and the secondary effect of enhancing 
bonding strength between the metal layer (n-electrode) and the 
semiconductor layer can be obtained throughout the 

15 circumference of each chip. 

Furthermore, in the flip chip type semiconductor 
light-emitting element having a translucent substrate, there 
id some case where external quantum efficiency can be kept 
sufficient without necessity of newly providing the protective 

20 film formation step and the protective film removal step as 
will be described later in the seventh embodiment. 

The outer circumferential negative electrode on the basis 
of the seventh or eighth means may be formed to have a height 
at least equal to a height of a light-emitting layer on a side 

25 of at least one side wall of the light-emitting layer. 
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According to this configuration, a part of light output 
from the side wall of the light-emitting layer may be reflected 
efficiently, for example, as shown in Fig. 22, so that external 
quantum efficiency may be improved. 
5 ' According to tenth means of the invention, at least one 

part of the outer circumferential negative electrode as in the 
ninth means is formed on the side wall through an electrically 
insulating film. 

The distance Li from a side wall of the light--emitting 
10 layer 3 to a light-reflecting surface of the outer. 

circumferential negative electrode 5a, for'^example, as shown 
in Fig. 30A, may be reduced while electrical insulation of the 
metal layer from other semiconductor layers such as the 
' light-emitting layer 3 provided on the side is maintained or 
15 ensured. 

Further/ in the case of a flip chip type semiconductor 
chip (seventh embodiment) shown in Figs. 23A and. 23B, the 
electrically insulating film may be very useful when an outer 
circumferential negative electrode (230) serving also as a 

20 reflecting layer Is formed in a wide range for the purpose of 
improving reflecting efficiency. 

Incidentally, the semiconductor light-emitting element 
maybe a surface emission type LD or may be an end surface emission 
type LD. An embodiment related to the LD and the operation 

25 and effect of the LD will be described later specifically in 



an eighth embodiment of the invention. Further, although the 
above explanation are directed to a semiconductor 
light-emitting element using Group III nitride compound, the 
present invention canbe applied to a method of producing general 
5 semiconductor elements other than Group III nitride compound 
semiconductor light-emitting elements. 

As described above, the problem can be solved efficiently 
or reasonably by the means of the invention* 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings : 

Figs- lA to IG are step views (sectional views) for 
explaining a first embodiment of the invention; 

Figs. 2A to 2F are step views (sectional views) for 
15 explaining a second embodiment of the invention; 

Figs. 3A to 3F are step views (sectional views) for 
explaining a third embodiment of the invention; 

Figs, 4A to 4G are step views (sectional views) for 
explaining a specific example of the invention; 
20 Fig. 5A is a perspective view showing an element- forming 

side of a Group III nitride compound semiconductor element. 
Fig. 5B is a perspective view showing a rear surface side of 
a Group III nitride compound semiconductor element according 
to the related art. Fig. 5C is a sectional view showing the 
25 Group 1 1 1 . nitride compound semiconductor element according to 
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the related art. Fig. 5D is a perspective view showing a rear 
surface side of a Group III nitride compound semiconductor 
element according to the invention, and Fig. 5E is a sectional 
view showing the Group III nitride compound semiconductor 
5 element according to the invention; 

Figs . 6A to 6C are step views showing a method for producing 
Group III nitride compound semiconductor . elements according 
to a specific embodiment of the invention. Fig. 6D is a view 
showing the formation of separation grooves, and Figs. 6E and 
10 6Fare detailed explanatory views showingapolishingor blasting 
process; 

Figs. 7A and 7B are photomicrographs of a wafer in a state 
in which laser-melt remains before the blasting process 
according to the invention; 
15 Fig. Sis a photomicrograph of a wafer in a state in which 

laser-melt remains because the blasting process is performed 
insufficiently; 

Fig. 9 is a photomicrograph of another wafer in a state 
in which laser-melt remains because the blasting process is 
20 performed insufficiently; 

Figs. lOA and lOB are photomicrographs of a wafer in a 
state in which laser-melt is almost removed by the blasting 
process according to the invention; 

Fig. IIA is a typical view for explaining an embodiment 
25 of the invention. Figs. 1 IB .and IIC are typical views showing 



other examples of sections of separation grooves, and Figs^ 
IID and llE are typical views showing examples of formation 
of broken line^shaped separation grooves L; 

Fig. 12A is a perspective view showing one of LED elements- 
5 obtained by dividing the wafer depicted in Fig. 12D, and Fig. 
12B is a perspective view showing one of LED elements obtained 
by dividing the wafer depicted in Fig. 12E; 

Fig. 13A is a perspective view showing an LED obtained 
by division on the basis of ^^full cut'' separation grooves formed 
10 by laser beam irradiation, and Fig. 13B is a perspective view 
showing an LED obtained by division on the basis of ^'half cut" 
separation grooves formed by laser beam irradiation; 

Figs. 14A to 14D are step views (sectional views) for 
explaining a specific embodiment of the invention; 
15 Figs. ISA and 15B are photographs showing the embodiment 

after laser scanning; 

Figs. 16A and 16B are photographs showing the embodiment 
after roller-breaking; 

Figs. 17A and 17B are photographs of an outer 
20 circumferential portion of each LED element in the embodiment; 

Fig, 18 is apian view of a semiconductor wafer 10 according 
to a sixth embodiment of the invention; 

Figs. 19A and 19B are sectional views showing part of 
the semiconductor wafer 10; 
25 Fig. 20 is a plan view of one of semiconductor chips 11 
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extracted from the semiconductor wafer 10; 

Figs, 21A to 21C are views showing a procedure for 
extracting the semiconductor chips 11; 

Fig. 22 is a partial sectional view for explaining 
5 usefulness of each semiconductor chip 11; 

Fig. 23A is a sectional view of a semiconductor chip 200 
according to a seventh embodiment of the invention, and Fig. 
23B is a plan view of the semiconductor chip 200; 

Fig. 24 is a perspective view of a semiconductor chip 
10 100 according to an eighth embodiment of the invention; 

Fig. 25A (or 25B) is a partial plan view showing a method 
for dividing a semiconductor wafer having a plurality of 
semiconductor chips 100' (or 100); 

Figs. 26A and 26B are explanatory views for explaining 
15 the general function of a laser beam applied on a semiconductor 
wafer; 

Figs. 27A to 27C are explanatory views for explaining 
the general function of a laser beam applied on a semiconductor 
wafer; 

20 Fig. 28 is a plan view of a semiconductor chip 21 according 

to the related art; 

Fig. 29 is a plan view of a related-art semiconductor- 
wafer 20 having a plurality of semiconductor chips 21 before 
division; 

25 Figs. 30A and 30B are sectional views showing part of 
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the semiconductor wafer 20; and 

Fig. 31 is a sectional view of another semiconductor wafer 
for explaining another example of the related art* 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the invention will be described 
below with reference to the drawings. Incidentally^ the 
invention is not limited to the following description of 
embodiments and an example . Although specif ic. embodiments are . 

10 provided, the invention can be applied to a general method for 
producing semiconductor elements, especially a general method 
for producing Group III nitride compound semiconductor 
elements. 
[First Embodiment] 

15 Figs. lA to IG are step views (sectional views) for 

explaining a first embodiment of the invention. A plurality 
of Group III nitride compound semiconductor layers are formed ~ 
on a substrate Is for performing the formation of elements and 
the formation of electrodes. Although two Group III nitride 

20 compound semiconductor layers 2n and 3p are shown 

representatively in each of Figs. lA to IG, the two layers 2n 
and 3p mean layers which must not be short-circuited and do 
not mean the fact that only two Group III nitride compound 
semiconductor layers are provided. Then, a state in which only 

25 the electrode-forming layer on a side near the substrate is 
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left is formed on each parting line by etching or dicing due 
to a dicer (Fig. lA) . That is, concave portions A are formed. 
Here, the term ^'parting lines" means latticed frame-shaped lines 
in the case where ideal parting surfaces (perpendicular to the 
5 substrate Is surface) for dividing the substrate Is into 
individual Group III nitride compound semiconductor elements 
are viewed from the front surface side or rear surface side 
of the substrate Is. Although Fig. lA shows the case where 
. only the electrode- forming layer 2n on a side near the substrate 

10 is left, it is a matter of course that etching or dicing due 
to a dicer may be performed until the substrate Is is exposed 
or part of the front surface of the substrate Is is removed. 
Then, a protective film 4 is formed on the whole front surface, 
to prevent part of the substrate Is melted or reacted by laser 

15 beam irradiation from being deposited on each element (Fig. 
IB) . Any film may be used as the protective film 4 if the film 
can be removed by an after-process and has no bad influence 
on the characteristic of each semiconductor element as well 
as a portion of the film not irradiated with a laser beam is 

20 not easily melted at the time of the formation of the separation 
grooves 5 by laser scanning. 

Then, separation grooves 5 are formed in the substrate 
Is by laser scanning (Fig. IC) . The separation grooves 5 are 
formed like a latticed frame in the front surface side 

25 (element-^ forming side) of the substrate Is along the latticed 
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frame-shaped paring lines. Preferably, the depth of each 
separation groove 5 is selected to be not smaller than about 
1/5 as large as the thickness of the thin-walled substrate Is 
which will be polished by an after-process . Incidentally, when 
5 etching or dicing due to a dicer is performed until part of 
the substrate Is is removed, the depth of each separation groove 
5 as the svltcl of the thickness of the part of the siabstrate Is 
removed by etching or dicing and the depth cut by laser scanning 
is preferably selected to be not smaller than about 1/5 as large 

10 as the thickness of the thin-walled substrate Is which will 
be polished by an after-process. Then, the protective, film 
4 is removed together with reaction products produced by laser 
beam irradiation (Fig, ID) . 

Then, the rear surface of the substrate Is is polished 

15 to reduce the thickness of the substrate Is (Fig, IE) • Then, 
rear grooves 6 are formed in the rear surface of the substrate 
Is so as to be located in positions corresponding to the latticed 
frame-shaped parting lines (Fig. IF) . The method for forming 
the rear grooves 6 differs from the method for forming the 

20 separation grooves 5. That is, the rear grooves 6 may be formed 
as shallow grooves by a scriber or the like . Then, the substrate 
is divided into individual elements along the latticed 
frame-shaped parting lines by means of roller-breaking or the 
like. In this case, because the depth of each separation groove 

25 5 is not smaller than about 1/5 as large as the thickness of 
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the thin-walled substrate Is, parting surfaces 7 can be surely 
formed as surfaces connecting the separation grooves 5 to the 
rear grooves 6 respectively along the latticed frame- shaped 
parting lines. That is, the substrate can be prevented from 
5 being broken in any undesirable direction such:as an oblique 
direction (Fig, IG) , 
[Second Embodiment] 

Figs. 2A to 2F are step views (sectional views) for 
explaining a second embodiment of the invention. A state in 

10 which only the electrode-forming layer on a side near the 
substrate is left is formed on the parting lines by etching 
or dicing due to a dicer in the same manner as in the first 
V embodiment shown in Figs. lA to IG (Fig. 2A) ^ In this case, 
it is a matter of course that etching or dicing due to a dicer 

15 may be performed until the substrate Is is exposed or part of 
the front surface of the substrate Is is removed. Then, a. 
protective film 4 which can be removed by an after-process is 
formed on the whole front surface (Fig. 2B) . Then, in this 
embodiment, first grooves 5d with a depth of not smaller than 

20 about 1/5 as large as the thickness of the substrate Is are 
formed like a latticed frame in the front surface side 
(element- forming side) of the substrate Is along the latticed 
frame-shaped parting lines (Fig. 2C) . Then, the protective 
film 4 is removed together with reaction products produced by 

25 laser beam irradiation (Fig. 2D) . 
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Then, rear grooves 6 are formed in the rear surface of 
the substrate Is so as to correspond to the latticed frame-shaped 
parting lines (Fig, 2E) . As the method for forming the rear 
grooves 6, shallow grooves may be formed by a scriber or the 
5 like in the same manner as in the first embodiment. Then, the 
substrate is divided into individual elements along the latticed 
frame-shaped parting lines by means of roller-breaking or the 
like. Because the depth of each separation groove 5d is not 
smaller than about 1/5 as large as the thickness of the substrate 

10 Is, parting surfaces 7 can be surely formed as surfaces - 
connecting the separation grooves 5d to the rear grooves 6 
respectively along the latticed frame-shaped parting lines (Fig, 
2F) . ^ 
[Third Embodiment] 

15 Figs. 3A to 3F are step views (sectional views) for 

explaining a third embodiment of the invention, A state in 
which only the electrode-forming layer on a side near the 
substrate is left is formed on the parting lines by etching 
or dicing due to a dicer in the same manner as in the second 

20 embodiment shown in Figs. 2A to 2F (Fig. 3A) . In this case, 
it is a matter of course that etching or dicing due to a dicer 
may be performed until the substrate Is is exposed or part of 
the front surface of the substrate Is is removed. Then, a 
protective film 4 which can be removed by an after-process is 

25 formedon the whole front surf ace (Fig. 3B) , Then, first grooves 
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5d with a depth not smaller than the thickness of the thin-walled 
substrate Is which will be polished by an after-process are 
formed like a latticed frame in the front surface side 
(element^forming side) of the substrate Is along the latticed 
5 frame^shaped parting lines (Fig, 3C) • Then, the protective 
film 4 is removed together with reaction products produced by 
laser beam irradiation (Fig. 3D) . 

Then, a pressure-sensitive adhesive sheet 8 is stuck onto 
the whole front surface of the substrate Is • After the substrate 

10 is is inverted, the rear surface of the substrate Is is polished 
to reduce the thickness of thie substrate Is (Fig. 3E) . When 
the thickness of. the substrate Is is reduced until each 
separation groove 5 passes through the substrate Is, the 
substrate can be surely divided into individual elements by 

15 the separation grooves 5 along the latticed f rame-shapedparting 
lines (Fig. 3F) . 
[Example] 

Figs. 4A to 4G are step views (sectional views) for 
explaining a specific example of the invention for evaluating 
20 the yield due to breaking and chipping and the characteristic 
of each element. Group III nitride compound semiconductor 

layers were laminated on a sapphire substrate 1 about 300 |im 
thick so that about 3000 p-n double hetero- junction structure 
blue LED elements were formed. The laminated structure of the 
25 element portion is shown as one layer 2 for the sake of 
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simplification. The total thickness of the Group III nitride 
compound semiconductor layer except electrodes was about 5 \m. 
First groove portions A with a maximum depth of 10 |im and a 
width of about 30 were formed along parting lines, which 
5 were shaped like a latticed frame having cells indicating blue 
LED elements respectively/ by a diamond-bladed dicer • On this 
occasion, in each of the deepest portions B of the groove portions 

A, the sapphire substrate 1 was cut by about 5 [xm. 

- Then, a transparent resin 4 was applied on the whole 
10 element-forming surface and cured. Then, the third harmonic 
(wavelength: 355 nm) of a YAG laaer was used for applying a 

laser beam with a beam diameter of about 20 ^im along parting 
lines to thereby form second groove portions C deeper by 10 
Jim than the first groove portions A. In this manner, separation 

15 grooves 5 as obtained by cutting the. sapphire substrate 1 by 
about 15 |im were formed from the first and second groove portions 
A and C. Then, the rear surface of the substrate 1 was polished 
so that the thickness of the substrate 1 was reduced to 100 
jam. Then, rear grooves 6 were formed in the rear surface of 

20 the sapphire substrate 1 by a scriber. Then, the sapphire 
substrate was divided into individual blue LED elements by means 
of roller-breaking. On this occasion, the number of 
shape-defective products (so-called broken or chipped 
elements) caused by the division of the sapphire substrate 1 

25 was not larger than 10, . The element characteristic of each 
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light-emitting element was almost the same as that of each blue 
LED element extracted without use of any laser. 
[Comparative Example 1] 

The substrate was divided into elements in the same manner 
5 as in Example except that the front surface of the substrate 
was diced and the rear surface of the substrate was polished 
and scribed without use of any laser. In this case, the number 
of shape-defective products (so-called broken or chipped 
elements) was not smaller than 100. 

10 [Comparative. Example 2] 

The substrate was divided into elements in the same manner 
as in Example except that the separation- grooves were formed 
in the front surface of the substrate by only laser beam 
irradiation without dicing. In this case, the number of 

15 shape-defective products (so-called broken or chipped 

elements) was small desirably. In any case> a great deal of 
failure in element characteristic however occurred because the 
p-electrode side layer and the n-electrode side layer were 
short-circuited. The same effect was also obtained when the 

20 fundamental wave (1064 nm) of a YAG laser with a beam diameter 
of kbout 15 fim was used. 
[Fourth embodiment] 

Figs. 5A to 5E are explanatory views showing the outline 
of the invention. Fig. 5A is a perspective view showing a Group 

25 III nitride compound semiconductor light-emitting element . In 
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outer circumferential side surfaces of the element/ the portion 
LC is a side surface of each separation groove formed by laser 
beam irradiation, and the portion Br is a substrate parting 
surface generated by a crack generated from the separation 
5 groove. 

When a Group III nitride compound semiconductor 
light^emitting element formed on a front surf ace of a substrate 
and provided with separation grooves formed in a rear surface 
of the substrate by laser beam irradiation is divided simply 

10 by means of roller^breaking, re-solidified melt M of the . 
sulpstrate produced by laser beam irradiation is deposited on 
side surfaces of the separation grooves while vaporized 
(sublimed) re-solidified melt or scattered re-solidified melt 
Ab is deposited on the whole rear surface of the. substrate as 

15 / shown in Fig. SB. Consequently, as shown in Fig. 5C which is 
a sectional view, the whole side surfaces of the separation 
grooves and the whole rear surface of the substrate are covered 
with the re-solidified melts M and Ab. Generally, these 
re-solidified melts M and Ab are opaque because they are 

20 amorphous. Accordingly, these re-solidified melts M and Ab 
make the light-extracting efficiency of the Group III nitride 
compound semiconductor light-emitting element worse. 
Therefore, in the invention, roller-breaking is performed after 
a polishing or blasting process . Accordingly, as shown in Figs . 

25 5D and 5E which are a perspective view and a sectional view. 
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the re-solidified melt M is almost removed so that the side 
surfaces LS of the separation grooves can be exposed while the 
vaporized (sublimed) re-solidified melt or scattered 
re-solidified melt Ab is removed so that the rear surface of 
the substrate can be exposed as a bumpy surface BS. In this 
manner, there can be easily formed a Group III nitride compound 
semiconductor light-emitting element having a bumpy rear 
surface in the condition that the outer circumferential portion 
and the rear surface thereof are little covered with opaque 
re-solidified melt M and vaporized (sublimed) re-solidified 
melt or scattered re-solidified melt Ab- 

An embodiment of the invention will be described with 
reference to Figs. 6A to 6F, Figs. 6A to 6C are step views 
showing the embodiment of the invention. Necessary layers such 
as a Group III nitride compound semiconductor layer and an 
electrode layer are formed on a substrate 11. In Figs. 6A to 
6Cf the necessary layers are representedby one Group III nitride 
compound semiconductor layer 12 for the sake of simplification. 
Then, a pressure-sensitive adhesive sheet 13 is stuck to a side 

on which the Group III nitride compound semiconductor layer 

I. . 

12 is formed. The wafer formed thus is inverted so that the 
rear surface of the substrate 11 faces upward (Fig. 6A) . Then, 
the substratemaybe polished tobemade thin as occasion demands . 

Then, separation grooves shaped like a lattice are formed 
in the rear surface of the wafer by laser beam irradiation. 
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For example, the separation grooves are shaped like a lattice 
as shown in Fig, 6D. In this manner, as shown in Fig* 6B, the 
separation grooves are formed in the condition that the 
separation grooves are filled with re--solidif led melt M. Then, 
5 a polishing or blasting process is carried out to remove the 
. re-solidifiedmeltM from the separation grooves . Consequently, 
as shown in Fig. 6C, side surfaces LS of the separation grooves 
are exposed. Then, a crack BL is generated from each of the 
separation grooves by means of roller-breaking or the like to 

10 thereby divide the wafer into individual GroupIII nitride 
compound semiconductor light-emitting elements . 

Fig. 6E is a detailed view showing a state of each 
separation groove before the polishing or blasting process. 
Fig. 6F is a detailed view showing a state of each separation 

15 groove after the polishing or blasting process. Fig. 6E is 
an enlarged view of the portion A depicted in Fig. 6B before 
the polishing or blasting process. Re-solidified melt M is 
deposited on the side surfaces of the separation grooves while 
vaporized (sublimed) re-solidified melt or scattered 

20 re-solidified melt Ab is deposited evenly on the rear surface 
of the substrate 11. Assume now that the re-solidified melt 
M is removed from the side surfaces of the separation grooves 
by the polishing or blasting process. In the case of the 
polishing process, it is a matter of course that the whole rear 

25 surface of the substrate is cut. In the case of the blasting 
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process, blast particles also pound the rear surface of the 
substrate 1 because the size of a blast nozzle hole is larger 
than the width of each separation groove. As a result, a part 
of the rear surface of the substrate 11 is cut as well as the 
5 vaporized (sublimed) re-solidified melt or scattered 

re-solidified melt Ab is removed by the blast particles. In 
this manner, the region Z shown in Fig. 6E is subjected to the 
polishing or blasting process . Consequently, as shown in Fig. 
6F, when the polishing or blasting process is carried out until 
10 the side surfaces LS of the separation grooves are exposed, . 
the rear surface of the substrate can be exposed as a\bumpy 
surface BS. 

Although the following Example will be described upon 
the case where a sapphire substrate is used, the substrate used 

15 in the invention is not limited to the sapphire substrate. 
Examples of the substrate used in the invention include: 
inorganic crystal substrates such as sapphire, silicon (Si) , 
silicon carbide (SiC) , spinel (MgAl204) / ZnO, MgO, etc.; Group 
Ill-Group V compound semiconductors such as gallium phosphide 

20 and gallium arsenide; and Group III nitride compound 

semiconductors such as gallium nitride (GaN), etc. In the 
following Example, a method for forming Group III nitride 
compound semiconductor layers will be not particularly 
described. Although a metal organic chemical vapor deposition 

25 or metal organic vapor phase epitaxy method (MOCVD or MOVPE) 
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is preferably used as the forming method, a molecular beam 
epitaxymethod (MBE) , ahalide vapor phase epitaxy method (Halide 
VPE) , a liquid phase epitaxy method (LPE) or the like may be 
used. The respective layers may be formed by different epitaxy 
5 methods. When, for example. Group III nitride compound 

semiconductors are to be laminated on the sapphire substrate, 
. it is preferable that a buffer layer is formed to correct lattice 
mismatch with the sapphire substrate to thereby form the Group 
III nitride compound semiconductors with good crystallinity. 

10 Although the formation of electrodes, etc.- is not shown in each 
drawing for the sake. of simplification to show only important 
part, it is a matter of course that the formation of electrodes 
and the shapes of respective portions can be selected optionally 
according to the design of the light-emitting elements. 

15 [Example and Comparative Example] 

A Group III nitride compound semiconductor layer 12 was 

laminated on a sapphire substrate 11 about 300 |iin thick so that 
about 3000 p-n double hetero-- junction structure blue LED 
elements were formed, Apressure-sensitive adhesive sheet was 

20 stuck to the element- forming surface side of the wafer. The 
rear surface of the wafer was mechanically polished so that 
the thickness of the wafer was reduced to a value of 90 |im to 
150 fim. Then, the third harmonic (wavelength: 355 nm) of a 
YAG laser was used to apply a laser beam with a beam diameter 

25 of about 10 jim onto the rear surface of the wafer along parting 
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lines. In this manner, separation grooves each having a width 

of 10 to 15 Jim and a depth of 50 ym to 90 |xra were formed 
in the rear surface of the wafer. 

Then, alumina particles of 2000 mesh (median particle 
5 size: 7 |im) were used for performing a blasting process where 
the blasting process is carried out ten times along each 
separation groove under a blast nozzle pressure;of 0.35 MPa.^ 
After the blasting process, the rear surface of the wafer was 
cleaned, dried and then divided by means of rollertbreaking, 

10 The light-extracting characteristic of the blue LED elements 
obtained thus was improved compared with that of elements 
obtained by the related-art dividing method using a dicer or 
a scriber without any laser . The other element characteristics 
of the blue LED elements were substantially equal to :those of 

15 elements obtained by the related-art dividing, method. .-The 
yield due to the breaking and chipping in the dividing method 
according to the invention was also improved compared with that 
in the related-art dividing method using a dicer or a scriber. 
Figs. 7A and 7B, Figs. 8 and 9, and Figs. lOA and lOB 

20 are photomicrographs showing results of execution of the 

invention. Figs. 7A and 7B are photomicrographs of the rear 
surface of the wafer before the blasting process in the case 
where the separation grooves are formedby laser beam irradiation 
in the Example. Figs. 7A and 7B show different positions of 

25 the wafer respectively. As shown in the right of Fig. 7A, the 
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cross-like black belt portion indicates the separation grooves' 
L. Narrow belt-like re-solidified melt M is observed in the 
inside of each separation groove Further, a portion 
containing a particularly large amount of vaporized (sublimed) 

.5 re-solidified melt or scattered re-solidified melt Ab is 
observed- around each separation groove The vaporized 
(sublimed) re-solidified melt or scattered re-solidified melt 
Ab is deposited on the whole rear surface of the wafer except 
the separation grooves L. In Fig. 7B, vaporized (sublimed) 

10 re-solidified melt or scattered re^solidified melt Ab is 

deposited evenly around the separation grooves L so that.granular 
. vaporized (sublimed) re-solidified melt or scattered 
re-solidified melt Ab is inconspicuous. 

Figs. 8 and 9 are photomicrographs of the; wafer .in the 
. 15 case where the blasting process is so insufficient :.;that : . 

laser-melt remains. Fig. 8 shows the wafer in the case where 
. the blasting process is carried out twice along each separation: 
groove L under a blast nozzle pressure of 0.25 MPa. Fig. 9 
shows the wafer in the case where the blasting process is carried 

20 out twice along each separation groove L under a blast nozzle 
pressure of 0,35 MPa. In each of Figs. 8 and 9, it is obvious 
that re-solidified melt M remains in the inside of each 
separation groove L, 

Figs. lOA and lOB are photomicrographs of the wafer in 

25 the case where the blasting process is so sufficient that the 
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laser-melt is almost removed. Figs. lOA and lOB show the case 
where the blasting process is carried out ten times along each 
separation groove L under a blast nozzle pressure of 0,35 MPa, 
^ Remaining of a slight amount of re-solidified melt M is observed . 
5 but the re-solidified melt »M is almost removed. 
... Although the Example has been described upon the case: . 
where the blasting process is carried out> the invention may 
be also achieved by mechanical polishing. In this case, the 
median particle size of polishing powder^ used in the polishing 

10 is. preferably selected to be equal to about a. half width of 
.each" separation groove L- .Opaque re-solidified melt M 
deposited on the side surfaces LS of the ■ separation grooves 
L can be removed by the mechanical polishing. It is a matter 
of, course that vaporized (sublimed) re-solidified melt or . 

;:i5;^:.:. scattered re.-solidif ied melt Ab deposited.on-the rear surface 
of the substrate can be also rempvedby the mechanical polishing. 
. : [Fifth- Embodiment] 

Fig. IIA is a typical view showing a section of a substrate 
S having broken line-shaped separation grooves L formed by laser 

20 scanning. The broken line-shaped separation grooves L each 
having a length 1l are formed at intervals of lint- Each of the 
broken line-shaped separation grooves L has a section shaped 
like a trapezoid. Such broken line-shaped separation grooves 
L are formed when the substrate S is moved at a constant speed 

25 while scanned with a laser beam along parting lines in the 
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condition that the ratio of laser beam irradiation time to 
interrupt time is lL*lint* In Fig, llA, the scanning direction 
of a laser relative to the substrate viewed from the substrate 
side, that is, in the case where the substrate is stopped,, is 
5 expressed by an arrow. In the starting position of laser beam 
irradiation, the depth of the molten portion is small because 
- the front surf ace portion of the substrate which has been not . 
melted' yet begins to be melted by a laser beam. On the other 
hand, the depth dL of the molten portion approaches a certain 

10 / constant value on the basis of the laser beam irradiation 
: . condition (energy) and balance between the moving speeld of the 
substrate and heat loss due to heat conduction . In this manner, 
the molten portion is formed continuously so: that the depth 
. : of . the molten portion takes an approximately constant value 

15 : ; i :dL • - Whenlaser beam irradiation is finally stopped, the^ depth 
of the molten portion at the stop position is dL- In this manner, 
a laser molten portion having a trapezoidal section -at each . 
• separation surface (plane containing a . parting line and 
perpendicular to the wafer surface) is formed. The laser molten 

20 portion forms a broken line-shaped separation groove viewed 
from the wafer surface side. Incidentally,, a section of each 
separation groove L parallel to the direction of laser beam 
irradiation is not limited to the trapezoidal section as shown 
in Fig. IIA. For example, the section of each separation groove 

25 L may be a rectangular section as shown in Fig. IIB or may be 
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an acute-angled triangular section as shown in Fig. IIC. The 
section of each separation groove L can be formed optionally 
according to the setting of the laser scanning condition. 

As described above, in an embodiment in which the ratio 
It : lint is in a range of froml: 6 to 3: 4, the element characteristic 
is good. Although it is obvious that good characteristic, can 
be obtained when the ratio is in a range of from 1:6 to 3:4,.. 
it may be conceived that a good result can be obtained when 
; the ratio is in- a range of from 1:8 to 1:1.. .Accordingly, it' 
is pref erable that laser scanning is performed in the condition 
that. the ratio, is. in a range of from 1:8 to. 1:1. Assiaming that 
the wafer is divided into rectangular elements, then it is 
preferable that the number of separation grooves per one side 
of each element is not smaller than 1 as an average; The depth, 
dii; of .each separation groove L is. decided.^ to -a. desired value • 
according to the condition for a working process carried out 
later.: When, for example, the rear surface of the substrate 
S is polished to reduce the thickness of the substrate S by 
a depth d from the rear surface of the substrate to thereby 
form rear grooves ds, as shown in Fig. IIA, the depth dt of each 
separation groove L can be decided to a very small value. 

Figs. IID and HE 3how examples of formation of broken 
line-shaped separation grooves. In each of Figs. IID and HE, 
the portion encircled by the broken-like circle indicates an 
LED element simply. For example, the separation grooves L may 
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be provided so that two separation grooves are formed on each 
of parting lines surrounding four sides of each LED element 
as shown in Fig. IID. Or the separation grooves L may be provided 
so that two separation grooves crossing each other are formed 
5 in the vicinity of a point of intersection between two parting 
lines in accordance with each of four corners of each LED element 
as shbwn in Fig, HE, Although each of Figs. 1 ID and LIE shows 
the case where very accurate alignment is performed, it is a 
matter of course that the invention includes the case where 

10 the relation of separation grooves to each LED element is not 
based on such alignment. Assuming that two or more. separation 
grooves are formed ^^roughly" on each of parting lines 
corresponding to four sides of each LED element, .then the 
. - . . aligns can.be performed if .the separation grooves -are on 

ISi.p .the^parting lines . . ^ y/^e::r ••"vr: x.;-. 

Fig . 12A is a perspective view showing one of LED elements 
depicted in Fig. IID after division, and Fig. 12B is aperspective 
view showing one of LED elements depicted in Fig. ..HE after 
division. In each of Figs. 12A and 12B, it is obvious that 

20 the area occupied by molten portions M formed on the outer 
circumference of one LED element is sufficiently smaller than 
the total area of the outer circumference. This fact is more 
obvious when Figs. 12A and 12B are compared with Figs. 13A and 
13B. When, for example, so-called ''full cut'' laser separation 

25 ; grooves are formed as shown in Fig. 13A, the molten portions 
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M are formed on all the outer circumference of each LED element . 
When, for example/ so-called ""-half cut" laser separation grooves 
are formed as shown in Fig. 13B, the molten portions M continuous 
with a predetermined width are formed on the outer circumference 
5 of each LED element. On this occasion, the light-emitting 

efficiency, of the LED element obtained in each of Figs, 13A . 
and 13B is reduced to a value of 0.9 to 0.95 on the. assumption 
that the light-emitting efficiency of the LED element obtained 
by the related-art dividing method using no laser is regarded 
10 as 1. It is obvious that the molten portions M reduce the 
light^emitting ; efficiency • 

Figs. 14A to 14D are step views (sectional views) for. 
explaining. ^a ...specif ic embodiment of the invention * .A. Group 
.. III nitride: compound semiconductor layer :102 was laminated on 

15 a sapphire substrate 1 about 300 |im thick so that about 3000 
p-n double hetero-junction structure blue LED elements were 
formed.' ^The laminated structure of the element portion is shown 
as one layer 102 for the sake of simplificationi The total- 
thickness of the Group III nitride compound semiconductor layer 

20 except electrodes was about 5 nm. First, groove portions with 
a maximum depth of 10 [m and a width of about 30 ^im were formed 
along parting lines, which were shaped like a latticed frame 
having cells indicating blue LED elements respectively, by a 
diamond-bladed dicer . On this occasion, in the deepest portion 

25 of each groove portion, the sapphire substrate 101 was cut by 
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about 5 Jim, Incidentally, the groove portions per se are not 
shown in each of Figs. 14A to 14D though sections of the groove 
portions are shown in each of Figs. 14A to 14D. 

Then, a transparent resin 104 was applied on the whole 
element- forming surface and cured (Fig. 14A) . Then, the third 
harmonic (wavelength: 355 nm) of a YAG laser was used for applying 

a laser beam with a beam diameter of about 20 |im along parting 
lines to thereby form broken line- shaped separation grooves 
L deeper by a value of 50 jim to 80 |im than the groove portions 
(Fig. i4B) . Then, the rear surf ace 11 of the sapphire. substrate 
101 was polished so that the thickness of the sapphire substrate 
101 was reduced with the result that a thin-walled wafer 110 

having a thickness of 100 |im was obtained (Fig. 14C) . Then, 
rear grooves ds were formed in the rear surface of the thin-walled 
wafer ll.O.by a scriber (Fig. 14D) . Then, the transparent resin. 
104 was removed and the sapphire substrate was divided into 
. individual blue LED elements by means of roller-breaking-.:. As 
an example, the length 1l of each broken line-shaped separation 
groove L and the interval lint between adj acent broken line-shaped 
separation grooves L were selected to be 25 ^im and 150 ^tm 
respectively when one side of each LED element was 350 |im long. 
As another example, the length 1l and the interval lint were 
selected to be 50 |im and 125 |im respectively when one side of 
each LED element was 350 jam long. As a further example, the 
length 1l and the interval lint were selected to be 75 \m and 
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100 |iin respectively when one side of each LED element was 350 
\m long. In each of the examples, the number of defective 
products due to breaking and chipping at the time; of division 
was not larger than 10. The light-emitting efficiency of each 
element in this embodiment was not . lower than 0 .95 on the 
assumption that the light-emitting efficiency of each blue LED 
element obtained by division using no laser was regarded as 
1. In this embodiment, -there was no deterioration of the 
light-remitting efficiency due to the laser molten substances . 
In' this manner, when broken line-shaped or dot line^shaped 
separation grooves are formed according to the^invention. Group 
III nitride compound, semi conductor elements small in the area 
of the molten portions . can be formed • Accordingly, in each 
jlight-emitting. element, the light-emitting, efficiency can be: 
restrained from being lowered. , _ ; - ar ; : ^ 

Here are shown photographs in the process for producing 
LEDs .according to this embodiments Figs'. : 15A. and; 15B are \ 
photographs after the separation grooves are formed. by: laser 
scanning. Figs. 1 6A and 16B are photographs after the substrate 
is divided into individual LED elements by means of . 
roller-breaking. Figs. 17A and 17B are photographs of the outer 
circumferential portion of each of the LED elements. Figs. 
16A, 17A and 18A show the case where the length li, of each 
separation groove and the interval lint between adjacent 
separation grooves are selected to be 25 pm and 150 pm 
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respectively. Figs, 16B, 17B and 18B show the case where the 
length 1l and the interval lint are selected to be 75 |im and 
120 \m respectively. In each of the cases, it is obvious that 
breaking or chipping can be avoided as shown in Figs. 16A and 
16B and that the area of the molten portions on the outer 
circumferential portion can be made small. as shown in Figs. 
17A and 17B.. 

Further, Figs. lA to IG are also step views (sectional 
views) for explaining the above embodiment from sectional views 
taken in an another direction since the broken line-shaped or 
dot line-shaped . separation grooves L in the: above embodiment 
are the same as the groove 5 in Figs. lA to G. The broken 
line-shaped or dot line-shaped separation grooves are different 
. from the continuous grooves on the plan view, but the sectional 
view is the same. Of course, modifications of Figs.: 2A.to 2F 
and Figs, 3A to 3F can be applied to the fifth embodiment, 
[Sixth Embodiment] 

Fig. 20 is a plan view showing a semiconductor chip. 11 
extracted from a semiconductor wafer 10 (Fig. 18) . The 
semiconductor chip 11 forms a main portion of a wire-bonding 
type LED. 

The semiconductor chip 11 differs from the semiconductor 
chip 21 (Fig. 28) in that a molten layer 7 is formed in the 
semiconductor chip 11 so as to be circled over the circumference 
of the outer circumferential negative electrode 5a. The 
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reference numeral 8 designates a positive electrode (or 
electrode pad) . A negative electrode 5 having the outer 
circvimf erential negative electrode 5a is made of a metal layer 
50 (Fig- 18 and Figs, 21A to 21C) formed on an exposed surface 
..of ann-layer 2 (n--type layer) . A translucent thin metal layer 
may be substantially evenly laminated on a p-layer. 4. 
(Process of Producing the Semiconductor' Wafer 10) \ . 

Group III nitride compound semiconductor layers (the 
• n- layer 2, the light-emitting layer 3 and the p-layer 4) having 

a multilayer structure with a total thickness of about 5 ^im 
. are laminated on a crystal growth substrate l .made of. sapphire 

and having a thickness of about 300 |im to thereby form, about 
:3000;p-n double hetero- junction structure blue LED .elements, 
(prototype of semiconductor chips 11) . .The metal layer -50 is . 
formed; by vapor, deposition, on a surface of the n-layer 2 exposed 

by etching. One side of each LED element is about 350 fxm long. 
(Process of Extracting the Semiconductor ■ Chips 11) - 

Figs. .21A to 21C show a procedure for extracting the 
semiconductor, chips 11, 
(A) Formation of Protective Film 6 

, A protective film 6 made of a transparent resin is formed 
on an upper surface (element-forming surface) of the 
semiconductor wafer 10 by a resin coating step and a resin curing 
step (Fig. 21A) . 
(B) Laser Beam Irradiation Step 



Then, the third harmonic (wavelength: 355 nm) of a YAG 
laser is used for applying a laser beam with a beam diameter 
of about 10 |im to thereby form continuous line-shaped separation 
groves S being deeper by a value of about 20 fim to about 30 
5 \m than the exposed surface of the n-lay^r 2 exposed by etching 
(Fig. 21B) • 

. (C) Pre-treatment for Division and Division 

Then, the protective film 6 is removed and the rear surface 
of the sapphire substrate 1 is polished so that the thickness 
10 of the .sapphire substrate 1 is made thin with the ^result that 
a thin wafer 10 having a thickness of 100 |am is- obtained. In 
Fig. 21C, the reference nximeral la designates a processed surface 
■ / . . obtained, by the. polishing. 

. .Then; parting lines lb are formed on the prbcessed.surf ace 
15 (the -rear surface of the semiconductor waf er. 10.) by :a scriber 
Then, the .protective^ film 6 is removed and the crystal 
growth substrate 1 is cut by means of roller breaking to thereby 
divide the semiconductor wafer 10 into Individual blue LED 
elements (semiconductor chips 11 shown in Fig. 20) . 
20. Fig. 22 is a sectional view showing a part .of each 

semiconductor chip 11 for explaining the usefulness of the chip 
11 obtained by the aforementioned steps. When, for example, 
an outer circumferential negative electrode 5a (n-electrode) 
having a reflecting surface is formed to have a height equal 
25 to or greater than the height of the light-emitting layer 3 
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in the aforementioned manner, light output from the side wall 
of the light-emitting layer 3 can be also extracted upward- 
Hence, according to the configuration of the semiconductor chip 
11, external -quantum efficiency can be kept high. 
5 Furthermore, according to this configuration, a molten 

layer 7 (equivalent to the molten portion. In Fig. 27C) for 
supplementing/reinforcing the connection strength between the 
metal layer and each compound semiconductor layer or a not-shown 
annealing portion equivalent to the heat-affected portion in 

10 Fig. 27C is formed in the connection portion between the metal 
layer .(n-electrode 5a) and the compound, semiconductor layer 
. (n-^layer). . Accordingly, thebondingstrengthbetweeri themetal 
layer, for forming the outer circumferential negative electrode 

: : ■ ■ 5a and the semiconductor layer (n-layer 2); is reinforced, soi 

15 that, the/durabllity. and yield of the element are improved. 
The sizes of respective portions obtained by the 
. aforementioned producing method, that is, : the distance Li from 
a side wall of the light-emitting layer to .a light--ref lecting 
surface of the outer circumferential negative: electrode, the 

20 width Lz of the outer circumferential negative electrode, the 
thickness L3 of the molten layer, and a half width L4 of each 
separation groove (the distance L4 from a wall surface of the 
molten layer to a chip-parting surface), are as follows. 
[Numerical Expression 2] 

25 Li =^ 8 fim, 

s 
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L2 ^ 10 |iia, 
L3 ^ 2 \m, 
L4 ^ 5 |iin, 

L 2 (Li + L2 + La + L4) ^ 50 |iia • • • (2) 

: For example/ in accordance with the invention, the size 
. L can be reduced greatly in this manner compared with the relate 
art.* Accordingly / semiconductor chips each having an piiter 
circumferential negative electrode 5a and high in 
light-emitting efficiency can be extracted from the 
semiconductor wafer with areal efficiency substantially equal 
:to that in the case where related-art semi conductor.. chips each 
having no outer circumferential negative .electrode 5a are 
extracted from the: semiconductor wafer. That is, according 
to the.invention, semiconductor chips having higher performance 
•than the*, related-art semiconductor chips; but-^^equal /in number 
to the related-art semiconductor chips can be extracted from 
a semiconductor, wafer equal in area to. the related-art. 
semiconductor wafer. 

The outer circumferential negative electrode 5a prevents 
increase in drive voltage and irregularity in light emission 
from being caused by deviation in current density distribution . 
Accordingly, when the invention is used, an effect of improving 
internal quantum efficiency greatly can be obtained 
simultaneously with the effect of improving external quantum 
efficiency. 
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Incidentally/ in the configuration of the semiconductor 
element, a translucent metal layer may be widely formed between 
the p-layer 4 and the positive electrode 8. When, for example, 
vapor of a suitable metal is deposited on the upper surface 
5 of the p-layer 4 so widely and evenly as to be thin, irregularity 
in light emission is more sufficiently prevented so that an. 
* effect of. improving light-emitting efficiency can be obtained 
simultaneously. Suchametal layer (p-electrode) maybe formed 
as a multilayer structure, 
lb : For example, known or optional configurations in various 

..kinds, of structures of respective portions described in- 
^'Unexamined Japanese Patent Publication No . 2000-188421 : Group 
... III. Nitride Compound Semiconductor Element" may be used as 
•preferred configurations of wire-bonding :type LEDs including. 
:.15.:t. -configurations of lamination of electrodes ... 
[Seventh Embodiment] . 

\. In the seventh embodiment, a semiconductor chip used in 
a flip chip type LED is taken as a specific example. 

Fig. 23A is a sectional view showing a semiconductor chip 
20 200 according to the seventh embodiment, and Fig. 23B is a plan 
view showing the semiconductor chip 200/ 

In Figs. 23Aand 23B, the reference numeral 201 designates 
a sapphire substrate; 202, a buffer layer made of aluminum 
' nitride (AIN) ; 203, an n-type gallium nitride compound 
25 semiconductor layer high in carrier density and made of gallium 
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nitride (GaN) doped with silicon (Si); 204, a light-emitting 
layer made of InxGai-xN {0<x<l) ; and207, a p-type gallium nitride 
compound semiconductor layer including a p-type clad layer 205 
of p~type AlyGai-yN (0<y<l), and a p-type contact layer 206 of 
p-type gallium nitride (GaN) • Further, the reference numeral 
210 designates a positive electrode made of nickel (Ni) ; 220, 

. an electrically insulating filmmade of Si02; and 230, a negative 
electrode (outer circumferential negative electrode) made of 
V (vanadium) /Al (aluminum) . Here, the electrically insulating 
film-220 is thin and translucent- . 

That is, a very special feature of the light-remitting 
element 200 is that the electrically, insulating film 220 is 

.formed up to an upper exposed surface of the semiconductor, layer. 

;207' (including ;the layers 205 and 206) and further up to a part 
of an upper exposed surface of the positive, electrode 210:formed 
on the semiconductor layer 207, via side wall surfaces 10 of 

• the semiconductor layers 204 , 205 and 206 f roma sidewall surf ace 
10 of the n-type semiconductor layer 203 formed by etching. 
The most special feature of the light-emitting element 200 is 
that the negative electrode 230 is formed throughout a wide 
range of from the upper exposed surface of the n-type 
semiconductor layer 203 to an upper surface of the electrically 
insulating film 220. 

Further, the upper exposed surface of the n-type 
semiconductor layer 203 made of an n-type gallium nitride 
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compound semiconductor is formed throughout the outer 
circumference of the light-emitting element 200 so that the 
negative electrode 230 (outer circumferential negative 
electrode) is formed throughout the circumference of the upper 
5 exposed surface of the n^type semiconductor layer 203* 

Further, in. the light-emitting element 200, a part of 
; the negative electrode 230 does not reach a position 

corresponding to an upper portion of the positive electrode 
210*. This is however insignificant for keeping symmetry of 
10 current paths for a current flowing in the n-type semiconductor 
• layer 203. If ;short-circuiting is apt. to occur between the- 
positive and negative electrodes, the configuration as shown . 

. in Figs, 23A and .23B may be preferably used. .* . 

In a sense that light leaked from the side wall surfaces. 
.15 :. ;10 . of ;.the semiconductor layers is reflected by .the negative , 
electrode so as to be extracted from the sapphire substrate 
surface side, it is however preferable from the point, of view . 
of achievement of high light intensity that the negative 
electrode 230 reaches a position corresponding to the upper 
20 surface of the positive electrode 210 throughout the 
circumference. 

The electrically insulating film 220 is useful as 
effective means for reducing the distance between the side wall 
surface 10 and the light-reflecting surface of the negative 
25 electrode 230 while keeping electrical insulation between the 
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side wall surface 10 and the negative electrode 230 surely. 
That is, the distance reducing effect contributes to improvement 
in semiconductor wafer areal efficiency (i.e., the number of 
extracted semiconductor chips per unit area of the semiconductor 
5 wafer) . .. 

For example, as described above, the various means of 
the invention is also greatly effective for flip chip type LEDs . . 

When the semiconductor chip 200 is produced for forming 
a main portion of such a flip chip type LED, the protective 
10 film 6 (Figs. :21A-to 21G) used in the first embodiment need 
not be used because it is also obvious from Figs . ..23A and. 23B 
that the respective semiconductor layers 203, 204 and 207- are 
.covered with. the electrically insulating layer .220, . and the 
■r - -electrodes .210. and 230. Accordingly, in this case, ':the 
.^'15 c protective film formation step and the protective: film removal 
step need not be always provided, so that the laser beam 
irradiation step can be introduced efficiently. 
. [Eighth Embodiment] . ; 

The invention can be also applied to an LD (semiconductor 
20 laser) . 

The semiconductor light-emitting element taken as an 
example in the eighth embodiment is an end surface emission 
type LD (semiconductor laser) . Each of separation grooves 
formed by laser beam irradiation from above the metal layer 
25 forming the negative electrode is provided substantially in 
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parallel to a direction of resonance in a resonator of the LD* 
Fig. 24 is a perspective view showing a semiconductor 

chip 100 according to the eighth embodiment. 

A. buffer layer 102 made of aluminum nitride (AIN) is 

laminated on a sapphire substrate 101. An nrtype layer^ 103 

including a high carrier density n"*" layer of GaN. doped with 

i 

.silicon (Si). >: and an n-type clad layer of GaN laminated on the 
high carrier density n"*" layer is further formed on the buffer 
layer 102 . . 

An end surface emission type active layer- 104 as found 
:in a -known end .surf ace emission type laser diode is further 
formed on the n-type layer 103. 

Ap-type layer 105 including a p'-type clad layer.of p-type 
AlGaN doped with magnesium (Mg) , and a p-type eontact^dayer 
of p--type GaN doped with Mg^ laminated on ;the p-type.:clad. layer 
is further formed on the active layer 104. 

:.Apart of the n-type layer 103 is exposed by etching from 

above (the p- type layer 105 side) . A flat- top resonator portion 
and an erosional residual portion are formed by the etching. 

In the etching, a resist mask is formed so that the 
thickness of aportionof the resist maskdecreases as the portion 
of the resist mask is nearer to the resonator. As a result, 
the depth by which the semiconductor layers are etched can be 
adjusted. In this manner, a taper portion C is formed. 

Incidentally, in Fig. 7, the reference sign A designates 
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a flat top portion of the end surface emission type resonator; 

an upper surface of the uppermost semiconductor layer of 
the erosional residual portion; and C, a taper portion. 

A positive electrode 106 made of nickel (Ni) is formed 
5 as a film on the flat top portion (p-type layer 105) of the 
resonator by vapor deposition. 

A negative electrode 107 made of V (vanadium) /Al 
(aluminum) is formed as a film on an area ranging from the exposed 
portion of the n-type layer 103 to the upper surface of the 
10 uppermost semiconductor layer of the erosional residual portion 
through the inclined side. surfaces (the taper portion) of the 
semiconductor layers by vapor deposition. Because the 
inclination of the taper portion is sufficiently gentlecompared 
with other: side. like perpendicular cliffsv the 
. 15 negative electrode 107 with a uniform and sufficient thickness 
can be also formed in the taper portion C, 

That is, the positive electrode 106 and the negative . 
electrode 107 are formed so as to be substantially equal in 
thickness to each other. 
20 The features, usefulness, etc. of the semiconductor chip 

100 (LD) have been described in more detail, for example, in 
''Unexamined Japanese Patent Publication No. 2001-102673: Group 
III Nitride Compound Semiconductor Laser Diode". 

Fig. 25A (or 253) is a partial plan view showing a method 
25 for dividing a semiconductor wafer having a plurality of 



semiconductor chips 100' (or 100) . Incidentally, Fig. 25A 
shows the dividing method applied to the case where the end 
surface emission type laser semiconductor chips 100' are 
. extracted according to the invention whereas Fig, 25B shows 
5 . the dividing method applied to the case where the. end surface 
emission type laser semiconductor chips . 100 are extracted . 
• according to the related art. 

In the dividing method shown in Fig. 25A* which is a plan 
view, continuous line--shaped separation grooves S for dividing : 
10 . a semiconductor wafer into a plurality of : semiconductor- 
light-emitting elements are formed by laser beam irradiation 
from above the metal layer which serves as a negative, electrode 
. of each. of the; semiconductor light-emitting . elements formed 
on the semiconductor .wafer. In Fig. 25A, the width of each - 
-15 ' - separation groove is as small as about 10 fim. - - . : 

When, for example, each of such separation grooves S is 
. . -processed from: above the metal layer forming the negative 
. electrode 107, the' size of the semiconductor wafer required 
for one chip can be reduced greatly in the x-axis direction 
^20 shown in* Fig. 25A by substantially the same function as.in the 
sixth embodiment. 

The maximum width D of the flat top portion of the negative 
electrode 107 in the x-direction (perpendicular to the direction 
Y of resonance of the resonator) is preferably kept at least 
25 about 30 |im so that each semiconductor chip 100' can be stably 
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fixed to a heat sink or the like accurately, and surely or 
heat-conducting efficiency can be kept sufficient. However, 
the width D need not be always kept at aPl points along the 
y-direction. 

5 In the step of forming the separation grooves by laser 

beam irradiation, the separation grooves can be curved easily. 
This is because there is no directivity in laser beam irradiation 
though the separation grooves, when a diamond cutter or the 
■:like is used, are apt to be formed linearly on the basis of 
10 the .characteristic of the cutter* 

• • .In the dividing method shown in Fig. 25A, therefore, ^each 

separation groove S is substantially shaped like a sine waVe. 

- For example, according to this method, the number, of . 
•semiconductor chips with equal or greater performance allowed 
15: to be extracted from one semiconductor wafer- having a- constant v. 
area can be increased. 

. Incidentally, a subject of the invention is not limited . 
. . to the LEDs and LDs . For example, in surface emission type 
LDs> semiconductor photo acceptance elements or other general 
20 semiconductor elements, the operation and effect of the 

inventionmay be able to be obtainedby the means of the invention . 

Although various kinds of embodiments are explained in 
the above separately, the embodiments can be combined and applied 
to the practical use according to the necessity. 
25 It should be understood that the present invention is 
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not limited to the embodiment description given above, but may 
variously be modified, altered and changed within the true 
spirits and scope of the invention. 
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